Two recent studies describe mechanisms by which sexually dimorphic responses to pheromones in the nematode worm Caenorhabditis elegans are Dispatch R953
reinforcement in olfactory conditioning [12] but a small subset of the same neurons also signal sugar reward to the mushroom bodies [13] . Taken together, these studies suggest at least three different populations of dopamine neurons innervate the mushroom bodies to confer distinct signals during classical conditioning and each of these dopamine neuron populations is distinct from the wake-promoting PPL1 neurons that innervate the fan-shaped body.
A recent study has also reported a single dopamine neuron that is necessary and sufficient for the induction of feeding behavior. Flies extend their proboscis (mouth) in response to sucrose presentation and this response is reduced in flies with genetically inactivated dopamine neurons. Activation of a single dopamine neuron in the subesophageal ganglion is sufficient to trigger proboscis extension in the absence of food presentation [14] . Therefore, small numbers, or even single dopamine neurons are capable of mediating distinguishable effects on behavior.
The identification of a sleepsuppressing role for PPL1 neuron signaling to the fan-shaped body reveals important neural circuitry underlying sleep-wake regulation. Histones: Sequestered by Jabba in Fatty Storehouse
A paper in this issue shows that histones H2a and H2b are stored in lipid droplets in Drosophila embryos complexed with the protein Jabba. In Jabba mutant embryos, histones H2a and H2b are degraded but embryos survive by translating stored histone mRNA.
William F. Marzluff and Deirdre C. Tatomer
A critical feature of early embryogenesis in all metazoans is the need to provide the histone proteins in the oocyte that are required to assemble new chromatin during early embryogenesis. Immediately after fertilization the sperm chromatin is remodeled and maternal histone proteins replace the specialized sperm chromatin proteins. Subsequently both the maternal and paternal chromosomes replicate prior to the first cell division, followed by a series of zygotic divisions. In most embryos there is no transcription immediately after fertilization and in many species there are a substantial number of very rapid divisions that occur in the absence of zygotic transcription. These divisions result in a logarithmic increase in the amount of DNA and hence an exponential increase in the demand for histone protein for the assembly of newly synthesized chromatin. A number of distinct mechanisms have evolved to solve the problem of providing histones for early embryogenesis in different metazoans. In two well-studied systems, large amounts of histone proteins are provided by maternal stores of histone proteins and histone mRNAs: in Xenopus there are over 14 cell divisions resulting in a 10,000 cell embryo within 8 hours prior to initiation of zygotic transcription; and in Drosophila zygotic transcription of histone genes initiates in cycle 11 (about 1.5 hours after fertilization), when the syncytial embryo contains over 1,000 nuclei. In this issue of Current Biology, Welte and coworkers [1] show that, in Drosophila (and likely many insects), histones H2a and H2b are stored in lipid droplets and that proper storage is essential for the utilization of the stored histone for chromatin assembly.
Since most histone mRNAs are not polyadenylated but end instead in a stem-loop sequence [2] , translation of histone mRNAs requires unique factors. One of these is the stem-loop binding protein (SLBP) that binds the stem-loop at the 3' end and is required not only for histone mRNA biosynthesis but also for translation of histone mRNA [3, 4] . In mammals, activation of translation of the SLBP mRNA at oocyte maturation is required for translation of the maternal histone mRNAs for synthesis of histones during the initial cell cycle [5] . In Xenopus, the oocyte synthesizes both the histone mRNAs and proteins and stores them early in development [6] . These stored histones, plus additional histones synthesized by activation of translation of the stored histone mRNA at oocyte maturation [7] , provide the histone proteins necessary for early development. The Xenopus histones are stored in soluble complexes with histone chaperones [8] . In Drosophila stored histone mRNA is synthesized after the last cycle of DNA replication in the nurse cells [9, 10] . The stored maternal histone protein is likely synthesized at this time and then transferred from the nurse cells to the oocyte with other proteins and mRNAs necessary for early embryogenesis. Thus, large amounts of histone mRNA and protein are stored in the unfertilized egg, but whether both are essential during development is not known.
The problem of histone storage is complicated by the fact that the two sets of core histones required to form a nucleosome are stored independently; the histone H3-H4 complex is likely stored as a tetramer, and the histones H2a and H2b stored as a dimer. Ultimately, equal amounts of these two sets of histones are required for assembly of newly replicated chromatin. Excess histone proteins are toxic, and histone proteins are stored bound in complexes with histone chaperones. Histones are rapidly degraded unless they are present in complexes that sequester them within the cell. In yeast it is essential to degrade excess histones [11] and it is likely that similar systems exist in all cells [12] . In growing mammalian cells there is only a small supply of 'soluble' histone (i.e. not bound in chromatin) [13] , which is sufficient to support about 5 minutes of DNA replication, but many embryos store sufficient histones for hundreds or thousands of cycles of DNA replication.
Previously Welte and coworkers [14] showed that histones H2a and H2b were present in lipid droplets in early embryos of Drosophila and that these histones were transferred to nuclei during development. In the new work, they now show that storage in lipid droplets is essential for the utilization of stored histones H2a and H2b during embryogenesis [1] . Starting with proteomic analysis of purified lipid droplets, they identified a novel protein, Jabba, that is necessary to sequester the H2a-H2b dimers on the surface of the lipid droplet. It seems likely that the histones are targeted to lipid droplets immediately after synthesis and enter the oocyte already bound to lipid droplets. Strikingly, histones H3 and H4 are not present on lipid droplets but are stored in a soluble form in a complex with a histone chaperone.
Analysis of Jabba mutants, together with SLBP mutants [15] , reveals a sophisticated interplay of storage and synthesis of histones to ensure the proper amount of histone protein for chromatin assembly until the zygotic histone genes are activated (Figure 1) . Strikingly, in the absence of Jabba there is no stored histone H2a-H2b protein in the eggs or early embryos. This is almost certainly due to degradation of the H2a and H2b proteins in the absence of Jabba. Because Jabba null mutants are viable and fertile, these mutants must be able to synthesize sufficient histone H2a and H2b protein from maternal stores of histone mRNA. Genetic analysis reports a synthetic lethality between mutants in which the amount of stored histone mRNA is mildly reduced and Jabba null mutants. Genetically reducing SLBP function by around 50% in the Jabba mutant is lethal, as a consequence of reduced storage of histone mRNA and possibly also reduced translation of stored histone mRNA. Similar results were obtained with a reduction in the dosage of the essential histone variant H2aV, which is also present in lipid droplets in early embryos and dependent on Jabba for storage in these organelles, presumably by forming H2b-H2aV heterodimers. Thus, Jabba is critical for the maintenance of the pool of H2a/H2b proteins for assembly into chromatin during embryogenesis. The amount of stored histone protein in the normal egg suggests that there is little, if any, need for the synthesis of histone proteins from maternal mRNAs. However, the fact that Jabba mutants are viable and contain no stored histone H2a and H2b, demonstrates that there is sufficient maternal histone mRNA, including H2aV histone mRNA, to provide the histone protein necessary during embryonic development, and that these mRNAs are translated at a high rate in the absence of Jabba. It seems unlikely, although possible, that these histone mRNAs are normally translated at high rates and the histone protein rapidly degraded. It is more likely that there is cross-talk between the stored histone pool and the demand for histones in chromatin to ensure that the proper amounts of histone protein are provided, since the amount of stored histone mRNA remains constant and the demand for new histone is increasing exponentially. In the Jabba mutants with a slightly reduced capacity for histone synthesis, this system cannot keep up with the demand for histones H2a and H2b, resulting in death of the embryo before activation of transcription from the zygotic genome can provide additional histone mRNA.
Lipid droplets were initially thought to interact primarily with proteins involved in lipid metabolism but they are now known to be storage depots for a number of other proteins in the embryo [14] , and they are bound to different sets of proteins in different cells [16] . There are reports of lipid droplets containing histones in some other proteomic studies [17] , although the function, if any, of these extranuclear histones is not known. They could potentially form an additional pool of histone proteins in the cytoplasm that could be utilized during replication or DNA repair outside of S phase. Clearly lipid droplets have roles in processes other than lipid metabolism, and more of these are likely to be discovered in the future.
